Introduction
Ionic liquids have many favourable properties such as low flammability and negligible vapour pressure, leading to them being hailed as green solvents. 1 The imidazolium cation, an extremely common cation reported for the preparation of ionic liquids, is very sensitive to bases, due to the presence of an activated (acidic) C-H between the nitrogen atoms of the ring. 2 Side reactions of this type are a major limitation to the application of basic ionic liquids and must be avoided as the first priority in ionic liquid design. A comprehensive review of the chemical stability of ionic liquids is available. 3 Basic ionic liquids can be prepared by locating the basicity on the anion or cation. Anions can confer strong basicity, but often lead to instability as the anion can attack the cation, causing breakdown of the ionic liquid. 4 This limits the use of the ionic liquid as it will prevent successful recycle. Basicity can alternately be located on the cation, usually on free Lewis basic sites. Basic ionic liquids designed in this way tend to be more stable, 5 but often experience low basicity due to withdrawal of electron density from the Lewis base by the cation. 6, 7 Stable, strongly basic ionic liquids are scarcely known. Here we report a class of binary alkoxide ionic liquids with strong basicity. 8 as each combination of cations and anions produces an ionic liquid with unique properties. Binary ionic liquids have found use in combining the favourable properties of two ionic liquids in order to perform a particular function. They have been applied to the one-pot dissolution and dehydration of cellulose to form a mixture of products, in this way 100 % cellulose conversion has been achieved. 9 Despite the promise of acidic binary ionic liquids, binary mixtures containing Brønsted basic ionic liquids are few. 10, 11 This work communicates a binary ionic liquid comprising a small amount of basic ionic liquid mixed with a neutral, water immiscible ionic liquid. The basic ionic liquid provides the desired basicity, whilst the neutral ionic liquid allows a room temperature mixture to form. stability is likely to arise from a combination of factors. An important variable is the relatively low proportion of basic species in the system, which will limit attack of the basic anion on the cation. As the diffusion of ions is relatively slow in ionic liquids, this is likely to contribute a marked improvement in stability. The basic anion will interact strongly with the other ions due to ionic/coulombic interactions, the dominant interaction in ionic liquids, and this will inhibit its mobility and reduce its propensity to nucleophilically attack a specific point of reactivity on the cation. Reduced mobility has been proposed to reduce the basicity of hydroxide ion 15 and metal alkoxides. 16 The effect is also seen in aqueous systems where water interacts with hydroxide ions to form a hydration sphere, increasing the stability of anion exchange membranes to a greater extent than would be expected solely due to reduced concentration of hydroxide ions. 15 The mobility of ions within the ionic liquid will be related to the viscosity.
Determination of the pH of an ionic liquid is not possible when it is insoluble or unstable in water. The Hammett function (H 0 ) has been used to give a measurement of the acidity of non-aqueous Brønsted acid systems, 17 and has more recently been used to determine basicity in non-aqueous systems. 18, 19 The Hammett basicity (H_) of the binary ionic liquids was measured by monitoring the Table 1 ). The Hammett basicity of the binary ionic liquids measured was not found to increase systematically with increased mole fraction of the basic anion (Table 1, entries 1-4 ). This may be because interactions between the basic anion and the other ions are reducing the basicity. Upon mixing two ionic liquids the interionic interactions often do not change linearly 12, 20 Table S2 ). The ionic liquids were kept relatively dry by periodic drying under vacuum. The Hammett values tend to decrease and stabilise after drying. Ionic liquids are expected to absorb water from the atmosphere. Wetting would make the ionic liquids less viscous, increasing the mobility of the basic anions and allowing them to better deprotonate the indicator. Wetting is also expected to lead to the formation of hydroxide ions due to the equilibrium between water -isopropoxide and hydroxide -isopropanol. It is interesting to note that the most effective binary basic ionic liquid catalysts ( Table 2 , entries 4, 5) produce a similar yield to the traditional bases pyridine and sodium methoxide ( Table 2 , entries 6, 7). This is despite the fact that only 1 mole % of catalyst was used in each reaction, and the basic species present in the ionic liquid experiments is at a concentration considerably less than 1 mole %. Theoretical calculations have shown that the elimination of hydroxide to form the final product is the rate limiting step in a similar Knoevenagel condensation in methanol. 24 The polar nature of the ionic liquid would favour this elimination. The binary alkoxide ionic liquids were applied to the Aldol condensation between benzaldehyde and acetone to produce hydroxy ketone 1 and -unsaturated ketone 2 ( Figure 3 ). This demonstrates that these binary ionic liquids can catalyse a less activated system. Homogeneous Aldol reactions are performed industrially by alkaline bases. 25, 26 These systems suffer loss of base due to separation problems, corrosion of reactors, and the production of waste salts which need to be disposed of. Sulfolane was chosen as a co-solvent in order to suppress precipitation and side-reactions by diluting the catalyst and reagents. Sulfolane is a high boiling point solvent that is easily handled and recovered in industry whilst also being resistant to acids and bases, 27 it is also an "environmentally recommended" solvent. 28 One (Table 3 , entry 1). As with the Knoevenagel condensation, when a lower proportion of basic anion is present the yield decreased (Table 3 , entries 2, 3). When aqueous NaOH was used as a catalyst only 2 was formed (Table 3 , entry 4). The basic alkoxide ionic liquids yielded both 1 and 2, with 2 dominant for the most basic systems. Dehydration is the rate limiting step of traditional aldol reactions, which often do not go to completion when acetone is a reagent. 29 It has also been proposed that the dehydration step is reversible. 30 The same aldol reaction was previously reported as catalysed by 30 mole % guanidine acetate under solventless conditions, 92 % yield was obtained after 7 hours. 31 An 88 % yield was obtained when 5 mole % of a [choline][proline] catalyst was used with water as solvent after 12 hours. 32 While the literature examples use less than 1 equivalent of basic ionic liquid, the loading of ionic liquid is frequently high. The low proportion of basic species in the binary alkoxide ionic liquid system should be safer as this should be less corrosive without being less effective. This, combined with the extremely low flammability and relatively low toxicity, suggests that binary basic ionic liquids of this class could provide highly active, safer alternatives to traditional bases.
Conclusions
A series of stable, strongly basic binary alkoxide ionic liquids have been prepared. These ionic liquids show high Hammett basicity and have been used to successfully catalyse both the Knoevenagel condensation of malononitrile and benzaldehyde and the Aldol condensation of acetone and benzaldehyde. The method used for synthesis involves adding small proportions of basic ionic liquids to base stable hydrophobic ionic liquids. The synthesis of these ionic liquids is versatile and provides the opportunity to create many more classes of basic ionic liquids by using different stable ionic liquids in combination with basic anions.
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